Introduction
Replacing missing teeth has always been an important issue in dentistry. There are different choices to achieve this goal such as removable partial denture, fixed partial denture, and dental implants. [1] Among them, dental implants have the highest long-term success rate reported to be up to 96.4%. [2] [3] [4] This high success rate contributes to improvements in the surface and design of dental implants, [5] different surgical approaches, [4, 6] and also advancements in radiologic techniques. [7] [8] [9] [10] Accurate measurement of the alveolar bone height and thickness, and a safe margin from anatomic structures such as maxillary sinus, mental foramen, and inferior alveolar nerve canal are important factors in pre-surgical planning phase of dental implant placing. [11] There are different methods of radiographic imaging to assess the candidate area of implant inserting including peri-apical, [12] dental panoramic radiography (DPR), [12] [13] [14] [15] [16] lateral cephalometry, [17] conventional tomography, [8, 12] computed tomography (CT), [8, 12, 18] and cone-beam computed tomography (CBCT). [5, 8, 19] Although the advanced imaging techniques (CT and CBCT) have many advantages such as cross-sectional information and multi-dimensional views, [20] DPR keeps its values in pre-surgical planning phase of dental implantation. [8, [20] [21] [22] [23] [24] DPR displays the whole body of the mandible, most parts of the maxilla, and their internal structures such as mandibular canal and maxillary sinus on a single projection. [25] The length and the mesiodistal angulation of a dental implant are usually determined in DPR even though it has some limitations such as ghost image of the vertebra in the anterior part, positioning errors and magnification. [26] Moreover, DPR is easily available and is relatively inexpensive. Regarding its advantages, DPR is considered as the most common single radiographic examination used in dental implant treatment planning. [14] The comparison of DPR with other nontomographic techniques started in 2006 by Wakoh and colleagues who assessed the reliability of DPR and standardized peri-apical radiographs. [27] Their study suggested that standardized peri-apical radiographs were more accurate than DPR in linear distance measurement for dental implantation. Furthermore, a comparison between DPR and lateral cephalometry was done in 2007 by Beltrão and colleagues, [17] who concluded that lateral cephalographs could be a useful guide for maxillary dental implant-based reconstruction.
[17] Later, CBCT as a technique of choice for precise measurements, even on normal structures and jaw pathoses, was used in the field of dental implantation. [28] [29] [30] [31] While some studies introduced DPR as a reliable technique for measurements of available bone height for dental implantation, [5, 8, [20] [21] [32] [33] others claimed that DPR could not provide reliable information and might lead to the failure of treatment. [5, 19, [22] [23] [34] [35] [36] ] Therefore, we aimed to determine the reliability of DPR as a two-dimensional imaging method in measuring the precise vertical bone height by evaluating the horizontal location of the alveolar crest.
Materials and Method

Data acquisition
From the CBCT and DPR images of 508 (246 men, 262 women) candidates for dental implants in a private Oral 
Alveolar bone shape classification
The alveolar ridge morphology was categorized into seven types according to the relative horizontal location of the peak of the alveolar crest to the mandibular canal Type B2: the peak point of the alveolar crest was positioned in the buccal side and the distance from the vertical line was greater than 2mm and less than 4mm.
Type B3: the peak point of the alveolar crest was positioned in the buccal side and the distance from the vertical line was greater than 4mm.
Type L1: the peak point of the alveolar crest was positioned in the lingual side and the distance from the vertical line was less than 2mm.
Type L2: the peak point of the alveolar crest was positioned in the lingual side and the distance from the vertical line was greater than 2mm and less than 4mm.
Type L3: the peak point of the alveolar crest was positioned in the lingual side and the distance from the vertical line was greater than 4mm.
Measurement
In order to match the sections in each modality, the cross-sections in CBCT were obtained perpendicular to the true horizontal plan and the DPR sections were obtained perpendicular to the lower border of each image which was parallel to the true horizontal plan in standard situations. The mesio-distal location of the first candidate site was defined to have 5mm distance from the nearest natural tooth or dental implant at the level of the alveolar crest and for the next sites, another 5mm was added to the previous distance ( Figure 2 ).
The available bone height in CBCT views was defined as the distance between the line tangential to the Table 2 ). There was a positive correlation between the horizontal distance of the alveolar crest to the center of mandibular canal and ∆ (r= 0.755, p< 0.001). Regression analysis showed that for each single-unit increase in the horizontal distance of the alveolar crest to the center of mandibular canal, the DPR values were 0.87 unit more than CBCT ones (p< 0.001, Table 3 ). .
Discussion
In the present study, we assessed the reliability of DPR Contrasting results with other studies could be attributed to the sample size and/or the inclusion and exclusion criteria. In our study, from 508 available CBCT and DPR images, we selected only 144cases based on our image related exclusion factors. In the next step, 12
cases of this new sample population were excluded due to patient-related factors. Although these strict inclusion and exclusion criteria decreased the number of available cases, the remaining cases were acceptable for the current investigation since they were large enough to be statistically meaningful. In 1994, a comparison between diagnostic value of DPR and CBCT was performed by
Reedy and colleagues. [37] They concluded that the values of DPR were significantly underestimated. However, in our study we found that DPR had some degree of overestimation especially when the alveolar crest was placed more than 4mm lingual to the mandibular canal.
The difference between our study and the mentioned one might be due to different sample sizes. In the mentioned study, only one human mandible was used with ten sites for measurements while in our study 132 cases had been assessed. This large number of samples could neutralize the effect of inter-case differences. Therefore, the results of our study seemed to be more reliable in terms of sample size and consequently it could have application that is more clinical.
The impact of observation error in radiologic studies could not be ignored. The expertise and number of observers, the agreement between them, and the frequency and interval of measurement by each observer are all important factors in reducing the error of human involved measurements. Bennemann and colleagues [19] observed that three groups of people involved in dentistry (oral surgeons, orthodontists and dental student) did not have any dissension in measuring the mini-screw position between the DPR and CBCT images. Although in our study the results showed an acceptable precision of DPR compared with CBCT, the difference between the values of DPR and CBCT were small. The main difference between our study and the mentioned study (in spite of other possible facts such as different study population, and so on) was most probably the difference in observers. The dental students used in the mentioned study do not seem to be expert enough
for detecting the precise location of dental implants concerning their inadequate clinical experience. Furthermore, single measurement of each modality without any repeat could lead to errors. In our study, two expert professors in dental implantology team (one oral radiologist and one oral surgeon) measured each modality twice with 7-day intervals. This method could reduce the inter-examiner error and the 7-day interval could decrease or eliminate the effect of recall bias in measurements. Regarding these attempts, the values yielded by our study might be considered more accurate.
The area surveyed could be another important factor in proposing a strict guideline in such investigations.
Hu and colleagues [5] The method of categorizing the edentulous ridges is also an important issue. In an almost similar study to ours, Lee and colleagues [18] 
Conclusion
DPR can be used safely in the pre-surgical phase of dental implantation in the posterior mandible especially in routine and simple cases when CBCT is not available. Considering the overestimation of DPR, when the alveolar crest is located more than 4mm lingual to the mandibular canal, this study suggests using CBCT in situations with severe alveolar resorption.
